We investigated the effects of a standardized extract of Caralluma fimbriata Wall (CFE) on learning and memory in mice using various behavioural models. Unusually, CFE exerts both nootropic and anxiolytic effects.
Introduction
The prevalence of cognitive impairment increases exponentially with advancing age [1, 2] , and the numbers of affected individuals are increasing due to demographic and other trends. Anxiety frequently presents as a comorbidity [3] , and as the anxiolytic drugs currently available generally have sedative properties, this poses problems of clinical management.
We initiated a search for herbs with anxiolytic, nonsedative properties in the Ayurvedic literature, which cites a number of plants as being useful in the treatment of mental symptoms [4] . Some of these have already been examined and found to have significant pharmacological activity [5] [6] [7] [8] ; specific phytochemicals have been identified as the active constituents [9] [10] [11] .
Caralluma fimbriata Wall (CF) (Asclepiadaceae), an edible succulent, grows wild all over India and is a traditional food plant. Its phytochemical ingredients include pregnane glycosides, flavone glycosides, megastigmane glycosides, saponins and various flavonoids [12] . Although many of these compounds exert anxiolytic effects [13] [14] [15] , CF is not known to induce sedation. We investigated its activity on cognition and anxiety in a mouse model.
Methods

Validation of Active
Plant Material and Preparation of Extract
A voucher specimen of Caralluma fimbriata was collected January 14 th 2008 at 200 metres altitude in the Kolli Hills Forest in Tamil Nadu, India. It was deposited and identified at the Herbarium of the National Institute of Science Communication and Information Resources (NISCAIR) New Delhi, and registered as NISCAIR/ RIIMD/Consult/06-7/945/129/02 on 25th January 2008. Aerial parts of Caralluma fimbriata Batch CFH/7030 were dried, powdered using sieve 355 and extracted using a hydro-alcoholic mixture (70:30 ethanol:water). This was dried to produce Caralluma fimbriata extract (CFE) containing 25% of pregnane glycosides minimum. These were assayed using HPLC (instrument Shimadzu LC-10 A VP Gradient system) and HPLC Column: Phenomenex C-18, Luna, -SS column 250 mm × 4.6 mm, 5-µ particle size. The mobile phase used was (A) water and (B) acetonitrile at a flow rate of 1.0 ml/min, screened at 205 nm.
HPTLC Fingerprinting of C. fimbriata Samples
Detection by vanillin sulphuric acid reagent.
Animals
Male Swiss albino mice (18 -22 g ) used for the study were purchased from approved supplier (Yash farms, Pune) and maintained at 25˚C ± 2˚C and relative humidity of 45% to 55% under standard environmental conditions (12 h light 12 h/dark cycle). The animals had free access to standard food (Chakan Oil Mills, Pune) and water ad libitum. Institutional Animal Ethics Committee (IAEC) approved the protocol (CPCSEA/IAEC PC-01/ 032K7). All experiments were carried out between 12:00 -16:00 h.
Acute Toxicity
Male albino mice (18 -22 g ) were subjected to acute toxicity studies as per OECD 2001 guidelines (AOT 425). The mice were administered with the different doses of CFE or distilled water (10 ml/kg). Dose progression/ reduction was carried out following AOT-425 guidelines.
Acute Effects of CFE
Object Recognition Test
This was carried out in a multiple open-field box provided by V.J. Instruments, India. Before training, mice were individually habituated by allowing them to explore the open-field box for 2 min on the day prior to testing. During training sessions, the first trial (T1) was conducted 60 min after drug administration. Two identical objects were placed in opposite corners of the box and the time taken by each mouse to complete 20 s of object exploration was recorded. Exploration of the object was considered to be when the head of the animal was facing less than 2 cm from the object or touching the object. Animals were returned to their home cages immediately after training. The second trial (T2) was performed 90 min after T1. A new object replaced one of the objects used in T1 and mice were left in the box for 5 min. Times spent exploring the familiar (F) and new objects (N) were recorded separately and discrimination index (D) was calculated as (N − F)/(N + F). The object was changed randomly and the apparatus thoroughly cleaned between trials to avoid place reference and the influence of olfactory stimuli [16, 17] .
Locomotor Activity
Locomotor (horizontal) activity was measured using a digital actophotometer (Space-lab, India). Mice were divided into six groups and subjected to respective drug treatment. 60 min after drug administration, mice were placed individually in the actophotometer for 5 min and 
Chronic Effects of CFE
Morris Water Maze
A 100 cm diameter circular tank was used, made of lightimpervious material and filled to 30 cm with water (25˚C ± 2˚C) rendered opaque with a food-grade lipid/water emulsion. The tank was divided into four equal quadrants with a small platform concealed 2 cm below the water level, placed initially at a fixed position and subsequently randomly to assess the effect of the drugs on spatial reference and spatial working memory [19, 20] . Using the standard pre-selection test, mice were released into the tank to find the platform. Mice which failed to locate the platform in the allotted time of 90 s or refused to search were excluded [20] . Mice were then given CFE or vehicle for 21 days.
Evaluation for Learning Facilitation Activity
Selected mice were released into the tank individually and allowed to find the hidden platform at either fixed or variable locations within a time limit of 90 s. Distances travelled and times taken to find the hidden platform (escape latency) at a fixed location (working memory) or variable location (short term spatial memory) were recorded daily for 21 days, 60 min after drug administration [20] .
Elevated Plus Maze (EPM)
An elevated plus maze (V.J. Instruments, India) consisting of two open arms (50 × 10 × 40 cm) and two enclosed arms (50 × 10 × 40 cm) was used, elevated to the height of 40 cm. Mice were placed individually in the centre of the EPM facing an enclosed arm. Time spent by the mouse during the next 5 min on the open and enclosed arms was recorded. The mice received drug treatment for 14 days. Exploratory activity was measured on 2 nd , 7 th and 14 th day at 60 min after drug administration; time spent in the open arm is indication of anxiolytic activity [16, 17] .
Radial Arm Maze
A radial arm maze (Vijay Instruments, Pune, India) with an octagonal central hub of 30 cm in diameter and radial arms of 55 × 10 × 40 cm was used. Food containers were mounted at 30 cm into each arm [20] .
Pre-Experimental Food Intake
Mice were provided with excess of weighed food; food remaining at 24 hours was weighed to ascertain daily food intake. This was repeated for 7 days, and average daily food intake assessed. During the experiment 85% of this quantity was provided to generate food-motivated performance.
Experimental Procedure
This comprised two distinct trials, wherein a food pellet was placed in a fixed arm for spatial reference memory evaluation and in the variable arm for evaluation of spatial working memory. Each mouse placed on the central hub was allowed to choose any arm to obtain food. The session was completed once the mouse had searched all cups or after 3 minutes, when the mouse was returned to its home cage. Successful retrieval of food was recorded as a correct entry; repeat visits to previously emptied cups as errors. Mice were designated trained once they found all food with maximum one re-entry on three consecutive days. Latency to find food, number of correct entries before first re-entry and the number of re-entries of trained mice were measured to evaluate performance. There was a one-hour interval between spatial reference and working memory evaluation. The apparatus was thoroughly cleaned between trials to avoid place preference and the influence of olfactory stimuli [20] .
Statistical Analysis
Results are expressed as Mean ± SEM. Comparison of the drug treated groups against vehicle treated group was made by one-way analysis of variance (ANOVA) followed by Dunnett's t-test.
Results
Acute Toxicity
CFE was found to be non-toxic up to the dose 2000 mg/kg.
Effects of Acute CFE
Discrimination Index
Pre-treatment of mice with CFE 250, 500, 1000 mg/kg increased discrimination index in a dose-dependent manner compared to controls. Efficacy at the higher doses matched that of a reference dose of the recognised nootrope piracetam ( Table 1) .
Locomotor Activity
CFE at doses of 100 and 250 mg/kg did not significantly impact on locomotor activity. Higher doses (500 and 1000 mg/kg) reduced locomotor activity significantly (P < 0.05) (Figure 1). 
Effects of Chronic CFE
Morris Water Maze Task Performance
In mice pre-treated with CFE at all doses, escape latency in both spatial reference and spatial working memory models was significantly reduced (P < 0.01). Distance travelled by mice pre-treated with CFE 100 and 250 mg/kg in the spatial reference memory model and CFE 100 mg/kg in the spatial working memory model was also significantly reduced. This effect disappeared at higher doses, showing a biphasic effect common among anxiolytics (Figures 2 and 3) .
Elevated Plus Maze Task Performance
Mice pre-treated with CFE 250, 500 and 1000 mg/kg significantly increased the time spent in open arm on the 2 nd , 7 th and 14 th days, with a trend towards dose-dependency (Figure 4). 
Radial Arm Maze Task Performance
CFE had no significant effects. The reference standard piracetam significantly reduced all learned parameters.
Discussion
Memory performance depends upon the type of difficulty in open arm using elevated plus maze. n = 6 Data was analyzed by one-way ANOVA followed by Dunnett's * P < 0.05, ** P < 0.01. and the nature of task [18] ; hence new drug evaluation is usually carried out using multiple models, as in our paper. The significant improvement in discrimination index in the object recognition test achieved by CFE indicated facilitation of learning and memory processes in the absence of cognitive deficit, a major criterion for classifying nootropic agents [21] . This supports its possible use in disorders related to episodic memory impairment as- sociated with encoding and/or storage disorders and major perturbation of recollective judgment [22] . Mazes are traditionally used to evaluate spatial learning and memory. Spatial memory is a form of short term memory utilising neuro-circuitry that provides temporary storage and manipulation of information necessary for complex cognitive tasks such as language comprehension, learning and reasoning [23] . Its impairment is analogous to memory disorder in Alzheimer's dementia [24] .
CFE pre-treatment significantly reduced escape latency in Morris water maze performance, facilitating learning and memory processes integral to spatial navigation [20] . The reduction in distance travelled with lower doses of CFE does not meet the criteria of a classic nootropic agent as the effect disappeared at higher doses [20] . However, distance travelled can be reduced either via improved cognition or a change in swimming behaviour influenced by serotonergic transmission [25] . In the present investigation, a significant nootropic effect was observed with respect to escape latency with all doses of CFE. We believe that at higher doses, flavonoidal components in CFE may have exerted an inhibitory effect on swimming behaviour via serotonergic mechanisms [26] , and will explore this in future work.
In the Elevated Plus Maze, mice pre-treated with CFE significantly increased time spent in the open arm, demonstrating an anxiolytic action [27] alongside CFE's nootropic effects. This is the most important observation of the present investigation; anxiety is frequently associated with and can worsen impaired learning and weakened memory in Alzheimer's disease, and there are currently no drugs that adequately treat co-presenting anxiety and cognitive deficit. Benzodiazepines, the most widely prescribed anxiolytic agents, have unfavourable effects on learning and memory processes [16, 17] and selectively impair anterograde episodic memory [28] . Furthermore, benzodiazepines induce tolerance following repeated dosing [29] due to adaptive receptor changes in the central nervous system [30] . CFE pre-treatment showed significant and consistent anxiolytic action even after daily administration for 14 days, without behavioral toxicity; together with sustained cognitive enhancement.
Locomotor activity is considered to be an index of alertness and decreased activity indicates sedation. Locomotor activity was significantly decreased with CFE 500 and 1000 mg/kg pre-treatment, indicating a degree of sedation at the higher doses. Nootropic effects were shown at the lower two doses of CFE, which did not induce any sedation.
The radial arm maze (RAM) is used to evaluate hunger-motivated spatial memory in lab animals [20] . CFE did not impact on RAM performance at any dose, a null-result that had been anticipated due to CFE's documented appetite-suppressant effects [31, 32] .
Conclusion
When administered chronically, CFE has significant nootropic and anxiolytic activity in mice. The combination of these usually mutually exclusive effects together with an absence of toxicity makes CFE an interesting candidate for the treatment of cognitive impairment copresenting with anxiety in the elderly; and its nootropic/anxiolytic/anorexogenic profile makes it a candidate treatment for Prader-Willi Syndrome also. Further work is underway to extend our understanding of its mechanism of action, including a study in aged animals.
